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Abstract 
The strength of the bamboo increases from innner surface layer (endodermis) to outer surface layer (exodermis). The strength of 
bamboo can be utilized optimally by making glue laminated bamboo beams. The curved bamboo lamina as part of the glue 
laminated beam may be made by peeling off slightly the outer surface layer that contains high strength of fibers. The lamina 
thickness is made by disposing inner layer of the bamboo. The bamboo used in this work belongs to the species of Bambusa 
Dendrocalamus asper (local name: bambu Petung). This research aims to improve the shear and flexural strength of the glue 
laminated bamboo beams by modifying the shape of the cross section of the lamina (curved) rather than ordinary rectangular 
shape of the lamina.   
The dimensions of the cross-section of the lamina were of 7/20 mm and 9/20 mm. The laminas were preserved by immersing 
them in a hot water having chemical solution namely “Natrium Tetrabonat or CCB4” with a concentration of 10%. Having dry 
air the laminas were glued using adhesive type PVAC and were staked under 2.5 MPa. The cross section dimensions of the beam 
specimen in shear and bending were of 70/100-900 mm and of 70/100-285 mm, and of 750 mm and 2700 mm long respectively. 
The simply supported glue laminated beams were tested upon two point loads  at a distance of 1/3 the length of the span. 
The results showed that the glue laminated bamboo beams having curved type of laminas are stronger, more rigid, and more 
ductile compared to rectangular lamina type. Likewise, the glue laminated bamboo beams having 7 mm thick of lamina are 
stronger, stiffer, and ductile compared to the glue laminated beam with laminas of 9 mm thick. The average flexural strength of 
BBR7 (rectangular, 7 mm thick of lamina), BBR9 (rectangular, 9 mm thick of lamina), BBC7 (curved, 7 mm thick of lamina) 
and BBC9 (curved, 9 mm thick of lamina) are respectively (68.80, 9.28, 63.28, 2.00) N/mm2. The flexural rigidity of related 
beams are respectively (68.36, 71.05, 75.06, 65.17) N/mm, and the ductility are respectively (2.35, 2.16, 1.87, 2.63). The related 
average shear strength of SBR7, SBR9, SBC7 and SBC9 are respectively (2.72, 2.61, 2.32, 2.64) N/mm2, while the shear rigidity 
are respectively (2,737.08, 3,029.77, 3,123.87, 2,794.82) N/mm. 
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1. Introduction 
Bamboo and wood are the building materials that have been used since long a go to present. According to [10], 
bamboo is usually cut at the age of 3~4 years for the sake of quality reason and such an age is reasonably short 
compared to natural forest timber trees 40~50 years. Bamboo is not a homogeneous material, the diameter, the 
thickness of the fibers and distance node (length of internode) are not uniform along the stem. The larger the 
diameter of the bamboo, the thicker the fibers [12]. The internode distance gradually increases from the base to the 
middle but it decreases from the middle to the tip of the bamboo stem [1, 12]. The structure of the bamboo fiber is 
more dense from the base to the top of the stem, and also from the inner surface layer to the outer surface layer [1]. 
The older the age of the  bamboo the more dense the structure of the parenchyma cells. Optimum density is reached 
at the age of 4 years but it slightly reduces until the age of 6 years [13]. 
Bamboo has a very good mechanical properties. The tensile strength parallel to the bamboo fiber ranges from 150 
to 320 MPa. Such a strength is greater than that the tensile strength of wood where it ranges from 34 to 220 MPa [3]. 
The tensile strength of bamboo parallel to fiber direction at the outer surface of the internode is of 285 MPa. Such a 
strength is higher compared to the inner surface layer that is of 97 MPa. The tensile strength parallel to fiber 
direction at the internode is of 190 MPa. Such a strength is higher compared to the part of node, that is 116 MPa 
(Morisco, 2006). Bending Elasticity Modulus of bamboo is higher from inner surface layer to outer surface layer that 
are 3.385 GPa and 16.346 GPa respectively [6]. The tensile, compressive, shear parallel to fibers, and bending 
strengths of bamboo are respectively 228.00, 49.21, 9.51, 134.97 MPa [2]. 
Laminated timber beams of Douglas-Fir are made of 6.4 mm thick of lamina has a modulus of elasticity parallel 
to fibers of 7.02 MPa. Such modulus 6.57, 6.39, 6.95 Mpa respectively are higher for 25.00, 12.70, 3.60 mm thick of 
lamina [11]. Bamboo laminated beam using rectangular cross section of 25 mm thick lamina has elastic modulus of 
elasticity of 69.20 MPa. Such a modulus is higher compared to specimens with 15 mm thick 53.60 MPa [6]. 
Likewise, the laminated beam using rectangular cross section of 30 mm thick lamina has a value of MOE and MOR 
of 16,229.00 and 82.92 MPa respectively. Such values are higher than that using 25 mm thick of lamina 14,339.17 
and 61.32 MPa [7]. 
The rectangular cross section of lamina is generally made by flattening, straightening, and smoothing the inner 
surface layer and also the outer surface layer, thus it does not preserve the outer surface layer as much as possible 
which has higher tensile strength. This research is carrying out bamboo laminated beams using curved laminas that 
are arranged vertically. The curved laminas are made by peeling off slightly the outer surface layer slightly to enable 
the glue lamination of the laminas be utilized optimally and can provide strong adhesive, rigid, and stiff specimens. 
In detail, this research aims to find out: a) the strength, rigidity, ductility and damage patterns of the bending and 
shear failures, b) the effect of thickness and shape of lamina on strength, rigidity, ductility and damage patterns of 
laminated beam, c) to find out factors/ coefficient due to thickness and shape of lamina on the strength of bending 
and shear of the bamboo laminated beams. 
2. Research method 
This study used bamboos with 4~6 years of age, the diameter ranged between 125 to 175 mm, about 7000 mm 
long from the base, although 500 mm from the base the bamboos were cut and disposed. The bamboos were cut and 
split into 27.5 mm wide, then were shaped into rectangular and curved laminas at 20 mm wide, 7 mm and 9 mm 
thick. To minimize the waste of bamboo during the production of laminas, especially around the outer surface layer, 
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first of all part of the bamboo was sliced into pieces to fit the width and the radius of curved laminas. The thickness 
were then be made similarly by slicing the inner surface layer of the bamboo (Fig. 1). 
Fig. 1. The disposed part of the bamboo in making the laminas (a) rectangular, (b) curved. 
The laminas were immersed into boiling water having Natrium Tetrabonat solution with a concentration of 10%. 
Laminas were arranged vertically, and were impregnated using PVAC and being continuously staked at 2,5 MPa at 
room temperature (cold press). The dimension of beam for shear and bending tests were of 70/100-2850 mm, 
70/100-900 mm and the lengths were of 2700 mm and 750 mm respectively. The tests were done on two joints 
placed at 1/3 the length of the span and simply supported at both ends. To measure the deformation, two LVDTs 
were installed and were placed under the load while the other one was placed at the middle of the span. Three beams 
of each type were tested resulting in the number of beams of 3×2×2×2=24. 
     Table 1. Code and quantity of specimens. 
Code Specimens Type Quantity 
SBC7 Shear beam, curved lamina, thickness 7 mm  3 
SBC9 Shear beam, curved lamina, thickness 9 mm   3 
BBC7 Bending beam, curved lamina, thickness 7 mm 3 
BBC9 Bending beam, curved lamina, thickness 9 mm 3 
SBR7 Shear beam, rectangular lamina, thickness 7 mm 3 
SBR9 Shear beam, rectangular lamina, thickness 9 mm 3 
BBR7 Bending beam, rectangular lamina, thickness 7 mm 3 
BBR9 Bending beam, rectangular lamina, thickness 9 mm 3 
 
 
Fig. 2. Transverse cross section of specimens (a) rectangular lamina, 7 mm thick, (b) rectangular lamina, 9 mm thick, (c) curved lamina, 7 mm 
thick, (d) curved lamina,  9 mm thick 
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3. Research result and discussion 
3.1. The influence of shape and dimension of lamina on shear capacity and rigidity 
x Shear strength and rigidity of SBR7 and SBC7. 
Shear analysis results showed that the SBR7 and SBC7 failed to shear at boundary line (see Fig. 3. a). Both 
specimens have lower capacity of shear 2.72 and 2.32 MPa compared to the shear capacity of the adhesive 6.689 
MPa (see Table 2). The ratio of of the average shear capacity of SBR7 and SBC7 was 1.00 : 0.85, thus, the 
coefficent of shear equations may be determined as follows. 
A
V
SBCshear 2
385.07  W    (1) 
  Table 2. Average shear capacity of SBR7 and SBC7. 
Specimens Pmax (N) Pmax (N) Σshear (MPa) Remaks 
SBR7 22,569.00 16,450.00 2.72 Low shear σshear adhesive 6.689 
MPa 
σshear bamboo 7.576 
MPa SBC7 18,587.00 10,827.00 2.32 Low shear 
The glue laminated beams using curved lamina were more rigid compared to the glue laminated beams with 
rectangular lamina. The rigidity of SBR7 and SBC7 were respectively 2,737.08 and 3,123.87 N/mm (see Fig. 3. b). 
 
 
 
 
 
 
 
 
 
 
Fig.3 Shear test with rectangular and curved lamina of 7mm thick (a) load-deformation; (b) rigidity-deformation. 
x Shear strength and rigidity of SBR9 and SBC9 
The average shear capacity analysis obtained from SBR9 and SBC9 were respectively of 2.61 and 2.64 MPa, 
such values were smaller compared to the shear capacity of the adhesive of 6.689 MPa (see Table 3). The ratio 
between the average shear capacity of SBR9 and of SBC9 was of 1.00 : 1.01, thus, the coefficient of equation of 
shear may be defined as follows. 
A
V
SBCshear 2
301.19  W    (2) 
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Table 3. Average shear capacity of SBR9 and SBC9 
Specimens  Pmax. (N) Pprop. (N) σshear (MPa) Remarks 
SBR9 17,928.00   12,172.00   2.61 Low shear σshear adhesive  
6.689 MPa 
σshear bamboo  
7.576 MPa SBC9 17,421.67 12,340.00  2.64 Low shear 
The glue laminated bamboo using rectangular lamina of 9 mm thick were more rigid compared to the curve shape 
of lamina. The average rigidity of SBR9 and SBC9 were of respectively 3,029.77 and 2,794.82 N/mm (Fig. 4. b). 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Shear test with rectangular and curved lamina of 9mm thick (a) load-deformation; (b) rigidity-deformation. 
x Shear strength and rigidity of SBC7 and SBC9. 
The proportional limit load and the maximum of SBC7 and SBC9 were of 10,827.00; 12,340.00 N, and 
18,587.00 ; 17,421.67 N (see Fig. 3. a. and Fig. 4. a.). The average shear strength of SBC7 and SBC9 are 
respectively 2.32 and 2.64 MPa or 1.00 : 1.14. Thus, the coefficient of equation of the average shear of SBC7 and 
SBC9 are as follows. 
A
V
SBCshear 2
314.19  W    (3) 
The average rigidity of SBC7 and SBC9 were respectively 3,123.87 and 2,794.82 N/mm. The ratio was 1.00 : 
0.89. 
Table 4. Average shear capacity of SBC7 and SBC9 
Specimens Pmax. (N) Pprop. (N) σshear (MPa) Remarks 
SBC7 18,587.00  10,827.00  2.32 Low shear σshear adhesive 
6.689 MPa 
σshear bamboo  
7.576 MPa SBC9 17,421.67 12,340.00 2.64 Low shear 
x Shear strength and rigidity of SBR7 and SBR9. 
The average of maximum loads and their associated proportional limit of SBR7 and SBR9 were respectively 
22,569.00 ; 17,92800 N and 1,645.00 ; 12,172.00 N (see Fig. 3 a and Fig. 4. a). Based on the average shear capacity 
of SBR7 and SBR9 (see Table 5) it showed that the thinner the laminas the greater the shear capacity of beams. 
Based on shear capacity of SBR7 and SBR9 which was of 1.00 : 0.74, the coefficient of shear equation may 
defined as follows. 
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A
V
SBRshear 2
374.09  W    (4) 
The average rigidity of SBR7 and SBR9 were of 2,737.08 and 3,029.77 N/mm respectively or 1.00 : 1,07. This 
indicates that the involvement of  laminas increased the rigidity of glue laminated bamboo beams. 
Table 5. Average shear capacity of SBR7 and SBR9 
Specimens Pmax. (N) Pprop. (N) σshear (MPa) Remarks 
SBR7 22,569.00  16,450.00  2.720 Low shear σshear adhesive  
6.689 MPa 
σshear bamboo  
7.576 MPa SBR9 17,928.00   12,172.00   2.610 Low shear 
3.2. Influence of lamina shape and dimension on bending  capacity, rigidity and ductility 
x Bending strength, rigidity and ductility of BBR7 and BBC7 
The average maximum load of BBR7 and BBC7 were respectively 6,965.00 and 9,500.00 N (see Fig. 5. a). The 
stress-strain analysis using “the section method”, the average bending capacity of BBR7 and BBC7 were 
respectively 550,671.71 and 739,227.83 Nmm, thus the ratio was of 1.00 : 1.34 and the coefficient of bending 
equation may be determined as follows. 
W
M
BBCbending
34.1
7
 V    (5) 
The average rigidity of BBR7 and BBC7 were respectively of 68.36 and 75.06 N/mm. This indicates that more 
involvement of outer surface of bamboo the more rigid the glue laminated beams. 
The average maximum load of BBR7 and BBC7 were of 6,965.00 and 9,500.00 N at deformation of 114.13 and 
118.61 mm respectively. Results on average ductility analyses of BBR7 and BBC7 are shown in the following Table 
7.  
 
 
 
 
 
 
 
 
 
 
 
Fig.5 Bending test with rectangular and curved lamina of 9mm thick (a) load-deformation; (b) rigidity-deformation. 
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Table 6 Average strain-stress of BBR7 and BBC7 
Specimens  σtention ᵋtention σcompression ᵋcompression Remarks 
BBR7 48.76  0.015 68.80  0.010 Low bending  σcompression of bamboo = 
61.542 MPa BBC7 44.85  0.014 63.28  0.010 Low bending  
 Table 7. Average ductility of BBR7 and BBC7 
Specimens  Pmax (N) δmax (mm) 0.4 Pmax δ0.4Pmax δY = 1.25 δ0.4Pmax  μ = (δmax / δY)   
BBR7 6965.00 114.13 2786.00 38.80 48.50 2.35 
BBC7 9650.00 118.61 3860.00 50.65 63.31 1.87 
x Bending strength, rigidity and ductility of BBR9 and BBC9. 
The average maximum load of BBR9 and BBC9 were of 6,817.00 and 6,278.00 N respectively. The average 
stress-strain analysis indicated that bending moment capacity of BBR9 and BBC9 were respectively of 437,831.17 
and 557,901.34 Nmm and both beams experienced low shear. The ratio of average moment of BBR9 and BBC9 was 
1.00 : 1.27, therefore the coefficient of bending equation can be determined as follows. 
W
M
BBCbending
27.1
9
 V    (6) 
The average rigidity of BBR9 and BBC9 were respectively of 71.05 and 65.17 N/mm (5,88 N/mm or 9,02% 
difference). Based on the rigidity analysis it indicated that the involvement of outer surface layer of bamboo 
increased the rigidity of glue laminated beams.  
The average maximum load of BBR9 and BBC9 were of 6,817.00 and 6,278.00 N at deformation of 121.08 and 
97.83 mm respectively. The result of ductility analysis is shown in the following Table 9. 
 
 
 
 
 
 
 
Fig.6 Bending test with rectangular and curved lamina of 9mm thick (a) load-deformation; (b) rigidity-deformation. 
Table 8. Average stress-strain of BBR9 and BBC9 
Specimens  σtention ᵋtention σcompression ᵋcompression Remarks 
BBR9 6.580   0.002 9.290  0.0014  Low shear σcompression of bamboo = 
61.542 MPa BBC9 1.410  0.0004  2.000  0.0003  Low shear  
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Table 9. Average ductility of BBR9 and BBC9 
Mean  Pmax (N) δmax (mm) 0.4 Pmax δ0.4Pmax δY = 1.25 δ0.4Pmax  μ = (δmax / δY)   
BBR9 6278.00 97.83 2511.20 36.170 45.21 2.16 
BBC9 6817.00 121.08 2726.80 36.85 46.06 2.63 
x Bending strength, rigidity and ductility of BBC7 and BBC9. 
The average maximum load of BBC7 and BBC9 were of 9,500.00 and 6,278.00 N at deformation of 118.61 and 
97.83 mm respectively. The result of stress-strain analysis using “the section method” showed that BBC7 was low in 
bending capacity but BBC9 was low in shear capacity. 
The average moment capacity of BBC7 and BBC9 were of 739,227.83 and 557,901.34 Nmm respectively or 1.00 
: 0.75. Based on the moment ratio the equation of average bending of LBL7 and LBL9 are as follows. 
W
M
BBCbending
75.0
9
 V    (7) 
The average rigidity of BBC7 and BBC9 were respectively of 75.06 and 65.17 N/mm (9,89 N/mm or 15,18% 
difference). Based on the rigidity analysis it indicated that the involvement of outer surface layer of bamboo 
increased the rigidity of glue laminated beams. 
The average maximum load of BBC7 and BBC9 were respectively of 9,650.00 and 6,278.00 N at deformation of 
18.61 and 97.83 mm. The result of ductiltiy analysis is shown in the following Table 11. 
Table 10. Average stress-strain of BBC7 and BBC9 
 Specimens  σtention ᵋtention σcompression ᵋcompression Remarks 
BBC7 0.0136 44.85 0.0095 63.28 Low bending σcompression of bamboo = 
61.542 BBC9 0.0004 1.41 0.0003 2.00 Low shear  
Table 11. Average ductility of BBC7 and BBC9 
Specimens Pmax (N) δmax (mm) 0.4 Pmax δ0.4Pmax δY = 1.25 δ0.4Pmax  μ = (δmax / δY)   
BBC7 9,650,00 118.61 3,860.00 50.65 63.31 1.87 
BBC9 6,817,00 121.08 2,726.80 36.85 46.06 2.63 
x Bending strength, rigidity and ductility of BBR7 and BBR9. 
The average maximum load of BBR7 and BBR9 were of 6,965.00 and 6,817.00 N at deformation of 114.13 and 
121.08 mm respectively. The influence of rectangular lamina thickness on the strength of glue laminated bamboo 
beam shows that the involvement of outer surface layer of bamboo increased the bending capacity. The stress-strain 
using “the section method” showed that BBR7 failed to bending, due to excessive strain on compression zone but 
BBR9 failed to shear due to excessive strain on shear layer. 
The average internal moment of BBR7 and BBR9 were of 55,0671.71 and 43,7831.17 Nmm respectively or 1.00 
: 0.80. Based on internal moment ratio the equation of bending capacity can be determined as follows. 
W
M
BBRbending
80.0
9
 V    (8) 
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The average rigidity of BBR7 and BBR9 were respectively of 68.36 and 65.17 N/mm (3,19 N/mm or 4,89% 
difference). Based on the rigidity analysis it indicated that the involvement of outer surface layer of bamboo 
increased the rigidity of glue laminated beams. 
The average maximum load of BBR7 and BBR9 were respectively 6,965.00 and 6,278.00 N at deformation of 
114.13 and 97.83 mm. The result of ductility analysis is shown in following Table 13. 
Table 12. Average stess-strain of BBR7 and BBR9 
Specimens  σtention ᵋtention  σcompression ᵋcompression Remarks 
BBR7 0.0148 48.76 0.0103 68.80 Low bending σcompression of bamboo = 
61.542 BBR9 0.0020 6.58 0.0014 9.29 Low bending  
Table 13. Average ductility of BBR7 and BBR9 
Specimens Pmax (N) δmax (mm) 0.4 Pmax δ0.4Pmax δY = 1.25 δ0.4Pmax  μ = (δmax / δY)   
BBR7 6,965.00 114.13 2,786.00 38.80 48.50 2.35 
BBR9 6,278.00 97.83 2,511.20 36.17 45.21 2.16 
 
4. Conclusion 
This research results showed that in general the glue laminated bamboo beams with curved lamina are more 
durable, rigid and ductile compared to the beams with rectangular lamina. The glue laminated beams with curved 
lamina of 7 mm thick are much better than that of 9 mm thick of curved lamina. The average shear and bending 
strength of  7 mm thick of rectangular laminas SBR7 and BBR7 are repectively 2,72 and 68,80 MPa. 
The average shear srength ratio of SBR9, SBC7, and SBC9 to SBR7 are respectively 0.960, 0.853, 0.971. The 
average shear rigidity ratio of SBR9, SBC7, and SBC9 to SBR7 are respectively 1.107, 1.141, 1.021.The average 
bending strenght ratio of BBR9, BBC7, and BBC9 to BBR7 are respectively 0.135, 0.920, 0.029. The average 
flexural rigidity ratio of BBR9, BBC7, and BBC9 to BBR7 are respectively 1.039, 1.098, 0.953. The average 
ductility ratio of BBR9, BBC7, and BBC9 to BBR7 are respectively 0.919, 0.796, 1.119. 
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